1. Introduction
===============

Low-density lipoprotein-cholesterol (LDL-C) is an established and modifiable risk factor for cardiovascular disease (CVD) patients.^\[[@R1],[@R2]\]^ Reduction of LDL-C with a statin can decrease the risk of major vascular problems and one-fifth reduction of heart attack incidence, revascularization, and ischemic stroke can be achieved with a LDL-C reduction of 1.0 mmol/L each year^\[[@R3]\]^ and the clinical benefit of using statins is proportional to the absolute reduction in LDL-C serum concentrations, which was noted by the Cholesterol Treatment Trialists' Collaboration (CTT).^\[[@R4]\]^ Although current guidelines emphasize that the lowering of LDL-C with statin treatments is important for blood cholesterol control, questions still remain about the selection of statin treatment intensities in different populations. Compared with North American and European, East Asians were reported to have superior statin responsiveness and lower LDL-C baseline serum concentrations, and especially a Japanese study showed that only 10 to 20 mg/day of pravastatin could already lead to approximately 25% reduction of LDL-C levels.^\[[@R5]\]^ Similarly, the results from the HPS2-THRIVE study also indicated that Chinese patients achieved lower LDL-C serum concentrations after identical lipid-lowering drug therapies than Europeans,^\[[@R6]\]^ which is supported by the finding that plasma exposure to rosuvastatin was significantly higher in Asian than in Caucasian people.^\[[@R7]\]^ In addition, LDL-C baseline serum concentrations in East Asian countries were reported to be lower than Caucasians ranging from 3.30 to 3.50 mmol/L.^\[[@R8],[@R9]\]^ In addition, there is a crucial safety concern for using statins in China, as an increased incidence of myopathy and elevated aminotransferase levels has been noted particularly in Asian patients for which high-intensity statin medication is recommended with certain limitations.^\[[@R1],[@R10]\]^

The efficacy of persistent lipid-lowering therapy in real-world settings may vary among regions as different lifestyles and characteristics of diet. In the past 30 years, total cholesterol (TC) serum concentrations fell in high-income regions such as Australasia, Western Europe, and North America by about 0.2 mmol/L per decade, whereas mean TC serum levels increased in Southeast and East Asia as well as in the Pacific region by 0.08 to 0.09 mmol/L per decade.^\[[@R11]\]^ Particularly in China, blood cholesterol levels are also increasing due to rapid economic growth and changes in lifestyle and diet,^\[[@R12],[@R13]\]^ and a previous study has reported a 23.9% (0.91 mmol/L) increase in TC and a 42.7% (0.47 mmol/L) increase in triglycerides (TGs) during a 5-year period.^\[[@R14]\]^

However, research about Chinese chronic disease monitoring showed that the prevalence of hypercholesterolemia in eastern China (4.2%) was significantly higher than in the middle (2.4%) and western (3.1%) regions.^\[[@R15]\]^ In addition, the prevalence of dyslipidemia (62.1%) in NE China was essentially higher than the average for China as a whole,^\[[@R16]\]^ while the overall prevalence of metabolic syndrome in the NE Jilin province has been reported to be as high as 32.86% as a result of a genetic predisposition combined with environmental factors.^\[[@R17]\]^

In the present study, we selected NE China, a region with a high incidence of CVD, and aimed to observe the goal attainment after persistent lipid-lowering therapy based on current guidelines and try to find out possible risk factors. The results of the present study could provide the evidence for choosing optimal lipid-lowering therapy for those living in regions with a high risk of developing CVD.

2. Methods
==========

2.1. Patient population and study design
----------------------------------------

DYSIS is a cross-sectional epidemiological study, involving many institutions worldwide. DYSIS-China included 25,697 patients from 122 centers across China from April 2012 to October 2012.^\[[@R6]\]^ The study was purely observational, as the diagnosis and treatment of patients was unaltered; however, all data were carefully recorded. Consecutive outpatients were selected in case they were \> 45 years old and currently treated with a lipid-lowering drug. Criteria for patient inclusion were an accurate fasting lipid profile assessed after 6 months lipid-lowering treatment and for at least 3 months, without any alteration in the drug dosage for 6 weeks or more. The solely exclusion criterion was that the patient has already participated in a previous clinical study. The study was approved by the ethical committees of the participating hospitals and all patients provided written informed consent before entering the study

After exclusion of 380 (1.48%) patients from which lipid parameters were inappropriate or missing, finally, a total of 25,317 patients were included for analyses. The patients who came from NE China were included in the NE group, which included 3 provinces (Fig. [1](#F1){ref-type="fig"}) and the other patients were combined in the non-NE group.

![Map of the Chinese northeast (NE) region from which patients were recruited as a NE-derived cohort (Heilonjiang, Jilin, and Liaoning provinces).](medi-96-e8555-g001){#F1}

2.2. Data measurements and collection
-------------------------------------

The clinical examination and medical charts from single outpatient visits were collected. Information about smoking status, medication use, comorbidities including hypertension, diabetes mellitus (DM), and CVD were obtained via self-reporting of a face-to-face counseling method. It was important to document the medication records of patients receiving constant treatments that included various lipid-lowering agents drugs such as nicotinic acid, fibrates, cholesterol absorption inhibitors as well as statins, and the traditional Chinese medicine Xuezhikang. The identity and the daily dose of the lipid-lowering agents taken by each patient during the previous 6 months and at the time of a visit were documented. Furthermore, antihypertensive, antidiabetic as well as antiplatelet drug usage was recorded. The research team trained a series of investigators for the research project that included cardiologists, endocrinologists, geriatricians, internists, and neurology specialists.

2.3. Treatment goals and risk classification
--------------------------------------------

In this study, we used NCEP-ATP III criteria and the 2007 Chinese guidelines as dyslipidemia management criteria for the risk classification of CVD patients and definition of LDL-C goal attainment rates. On the basis of NCEP-ATP III criteria, the LDL-C target values were defined for low risk \[\<4.1 mmol/L (160 mg/dL)\], moderate risk \[\<3.4 mmol/L (130 mg/dL)\], moderate-high risk \[\< 3.4 mmol/L (130 mg/dL)\], high risk \[\<2.6 mmol/L (100 mg/dL)\], and very high-risk patients \< 1.8 mmol/L (70 mg/dL). According to the 2007 Chinese Guidelines criteria, the LDL-C target values for dyslipidemia patients were categorized into low-risk (10-year risk score of ischemic CVD \< 5%), \[\< 4.1 mmol/L (160 mg/dL)\], moderate-risk (10-year risk score 5--10%), \[\<3.4 mmol/L (130 mg/dL)\], high-risk (CHD or other atherosclerotic vascular disease, DM, or 10-year risk score 10--15%), \[\< 2.6 mmol/L (100 mg/dL)\], and very high-risk \[with acute coronary syndrome (ACS) or CHD and DM\], \[\<2.0 mmol/L (80 mg/dL)\] groups.

2.4. Statistical analysis
-------------------------

Continuous quantitative variables are reported as the mean ± standard deviation (SD) and descriptive data are used as frequencies expressed as percentages. Comparison among categorical and continuous variables are calculated with Pearson χ^2^ and Student *t* test, respectively. A multiple linear regression model was used to evaluate the variation trend of the control rate, which was adjusted for age, sex, and medication. To evaluate the independent risk factors for LDL-C level abnormalities in NE and non-NE patients, we performed a multiple logistic regression analysis. All data were analyzed with SAS, version 9.3 (SAS Institute Inc., Cary, NC). A *P*-value \< .05 was considered to be statistically significant.

3. Results
==========

3.1. Patients and blood lipid levels
------------------------------------

Overall, 25,317 consecutive outpatients from 122 centers were enrolled in the present study. Of these, 4559 (18.0%) patients were assigned to the NE group and 20,758 (82.0%) to the non-NE group. Table [1](#T1){ref-type="table"} revealed that patients in the NE group tended to be younger, female, overweight, and with higher average blood pressures and more comorbidities such as DM, CVD, and heart failure (HF). The levels of individual components of the lipid profiles showed significant differences between 2 groups. TC, LDL-C, TGs, and nonhigh-density lipid cholesterol (non-HDL-C) were all significantly higher in NE than non-NE. Also, we found a higher proportion of patients in the 10-year CVD high or very high-risk levels, as well as that of drinking and smoking in the NE group.

###### 

Patient characteristics.
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3.2. Lipid-lowering therapies
-----------------------------

Almost all patients (∼98%) were receiving monotherapy (NE vs non-NE, 98.1% vs 97.7%, *P* = .457); thus, the percentage of combination therapy was very small. The most prescribed agent for monotherapy was a statin in both groups (NE 86.0% vs non-NE 89.5%, *P* \< .001). Atorvastatin (NE 28.1% vs 38.3%, *P* \< .001) 191.75 and simvastatin (NE 42.6% vs non-NE 34.4%, *P* \< .001) were the most frequently prescribed statins, followed by rosuvastatin (NE 8.2% vs non-NE 8.3%, *P* = .685), fluvastatin (NE 2.4% vs non-NE 2.5%, *P* = .973), lovastatin (NE 0.2% vs non-NE 0.8%, *P* \< .001), pitavastatin (NE 2.1% vs non-NE 0.2%, *P* \< .001), and pravastatin (NE 0.5% vs non-NE 3.8%, *P* \< .001) (Table [2](#T2){ref-type="table"}).
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The lipid-lowering therapies.

![](medi-96-e8555-g003)

The usual doses for statins as monotherapies were potency 3 and potency 4 (Fig. [2](#F2){ref-type="fig"}), which equated to a dosage of simvastatin of 20 to 40 mg or moderate-intensity statins. The proportion of patients treated with potency 1 and potency 2 were higher in NE than in non-NE patients, while the proportion of patients treated with potency 4 and 5 were lower in NE than in non-NE patients. Only 2.0% of patients received combination therapy with no statistical difference between the 2 groups (*P* = .0561) (Table [2](#T2){ref-type="table"}).

![The comparison of different statin potencies treatment. Potency 1: is equivalent to simvastatin 5 mg/day; Potency 2 is equivalent to simvastatin 10 mg/day; Potency 3 is equivalent to simvastatin 20 mg/day; Potency 4 is equivalent to simvastatin 40 mg/day; Potency 5 is equivalent to simvastatin 80 mg/day; Potency 6 is equivalent to simvastatin 160 mg/day. ^∗^*P* *\<* .05, ^∗∗^*P* *\<* .01, ^∗∗∗^*P* \< .001.](medi-96-e8555-g004){#F2}

3.3. LDL-C goal attainments
---------------------------

Overall, the LDL-C goal attainment rate in the NE group was significantly lower than that in the non-NE group based on NCEP-ATP III criteria (45.3% vs 63.3%) and 2007 Chinese Guidelines criteria (45.3% vs 65.1%; *P* \< .001), as well as in the almost all risk groups. In the different statins monotherapy groups, non-NE group had higher goal attainment rate in potency 2, 3, 4, and 5 than NE group, although there was no difference in patients with combination therapies (Table [3](#T3){ref-type="table"}). The achievement rates in different cardiovascular risk subgroups showed a downward trend with the increased risk of cardiovascular events in both groups (Table [4](#T4){ref-type="table"}).

###### 

The goal attainment rates in different statin potencies and therapies.
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The goal attainment rates in different risk groups.
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3.4. Risk factors
-----------------

Next, we analyzed the independent risk factors for failure to achieve LDL-C target goals in both NE and non-NE dyslipidemia patients. Factors such as age, gender, smoking, drinking, BMI, DM, CHD, CBD, HF, combination therapy, and NE were entered into the stepwise logistic regression model. Table [5](#T5){ref-type="table"} summarizes that the independent risk factors (*P* \< .05) for failure to achieve LDL-C target were comorbidities such as DM, CHD, and CBD and demographic variables such as being female, BMI \>24 kg/m^2^, drinking alcohol, and a NE origin according to the NCEP-ATP III and 2007 Chinese Guideline criteria. In addition, we analyzed the risk factors for not achieving LDL-C goal attainments in NE or in non-NE patients separately (Supplementary Table 1) and found that factors such as DM, CBD, CHD, and obesity (BMI \>24 kg/m^2^) were related to the failure of goal attainment in the NE patients.

###### 

Multivariate analysis.
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We further assessed the LDL-C goal attainment rate of the subgroup patients with CHD, DM, or CBD between the 2 groups (Table [6](#T6){ref-type="table"}). The NE group showed a lower control rate in all subgroups (all *P* \< .001), regardless of being based on 2007 Chinese Guidelines criteria (CHD, 37.7% vs 59.7%; DM, 31.1% vs 48.3%; CBD, 32.9% vs 54.1%) or NCEP-ATP III criteria (CHD, 26.6% vs 47.2%; DM, 28.5% vs 43.8%; CBD, 36.5% vs 59.0%), which suggested that DM, CHD, and CBD are stronger risk factors for failure to achieve LDL-C goal attainments in NE than non-NE dyslipidemia patients.

###### 

Subgroup analysis.
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4. Discussion
=============

With the development of the economy and changes in lifestyles, dyslipidemia in China has gone into an adverse trend of increasing development.^\[[@R11],[@R18]\]^ A meta-analysis indicated that the prevalence of dyslipidemia had more than doubled in the last 10 years.^\[[@R19]\]^ Our research found that NE patients, who had already accepted the treatment of lipid-lowering drugs for 3 months, had a higher cholesterol level than in other regions of China, indicating that there was a regional difference in the effect of lipid-lowering therapy. Regional variations of dyslipidemia have also been described for Canada^\[[@R20]\]^ and racial as well as cultural differences have been attributed to the disparities. Similar to the US, in China, a stroke belt has also been proposed^\[[@R21]\]^ in which the northern part of China as well as Tibet are regions with high incidences. The reasons for the higher stroke rates have been proposed to be a cold climate related dietary differences leading to higher BMIs and hypertension rates,^\[[@R22]\]^ while the living environment of NE China is similar to Siberia and eastern Mongolia.

The results of the present showed that the control rate of LDL-C in the NE group was significantly lower than in the non-NE groups, especially in patients associated with a high risk of cardiovascular events. Current guidelines recommend statins as the choice of therapy for reducing LDL-C levels and preventing adverse cardiovascular events^\[[@R1]\]^ and our results showed that statin-based monotherapy was the main lipid-lowering therapy in NE-China, but the usage of statin intensity was different. Although the proportion of moderate to high intensity in NE was a little lower than non-NE, the achievement rates of LDL-C did not increase with the increasing statin dosage in both groups. The CHILLAS study showed that only half of the patients reached the goal attainment for LDL-C (80 mg/dL) using double-dose atorvastatin (20--40 mg) in patients with ACS.^\[[@R23]\]^ Even after administering atorvastatin at the highest dose (80 mg), many patients still failed to achieve their goal^\[[@R24],[@R25]\]^ and a meta-analysis of 38,153 patients showed that 40% patients given a high dose of atorvastatin or rosuvastatin did not reach the goal for controlling LDL-C.^\[[@R26]\]^ The intensive statin therapy did not lead to a significant increase in achievement rates, even decreased in the NE region, which raised a question of whether the strong recommendation of intensive statin therapy in China (or East Asia) was really necessary, whether the moderate intensity statin was enough, and whether there were more effective combination therapies.

The multivariate logistic regression analysis carried out in this study indicated that combination therapy could not improve the LDL-C control rate in patients compared with monotherapy. However, only about 2% of patients in the present study were treated with statin combination therapies, and 38.9% of them were treated with omega-3 fatty acids, 25.4% with fibrates, 9.0% with HypoCol, whereas only 7% of them were treated with ezetimibe combined with a statin, which is in disagreement with current ACC guidelines. The guidelines recommend adding ezetimibe to ongoing statin therapy, when LDL-C goals are not achieved by sole administration of a statin,^\[[@R27]\]^ as the IMPROVE-IT trial and other studies revealed that when ezetimibe was combined with statin therapy, an additional lowering of LDL-C level was achieved.^\[[@R28]--[@R30]\]^

The low LDL-C goal attainment was also related to increased comorbidities, being aged \<65 years, being female, and overweight (BMI \>24 kg/m^2^), which were consistent with previous studies.^\[[@R31]\]^ Among individuals with a BMI \>24 kg/m^2^, it was unlikely to control dyslipidemia and the China REALITY survey showed a negative relationship between BMI and the attainment of the LDL-C goal.^\[[@R32]\]^

Taken together, the patients from NE China had higher HbA1c serum concentrations, though the diabetes incidence was not significantly different, indicating a higher percentage of metabolic syndrome cases, which was further supported by higher BMI, TC, LDL-C, TG, and non-HDL-C values, as has been previously reported for NE China.^\[[@R33]\]^ In addition, the incidence of high and very high cardiovascular risk was significantly higher in NE than non-NE. Although these unfavorable conditions have seen enhanced monitoring in NE compared with non-NE dyslipidemia patients, the statin treatment intensity was significantly lower in them and LDL-C attainment rates were also significant lower, particularly in high and very high cardiovascular risk patients. Statin combination therapies were administered at extremely low rates in 2 groups and ezetimibe as a recommended statin combination drug was rarely used. We propose that the different lifestyle in the NE region of China with higher calorie intake and resulting BMI and blood lipid increases^\[[@R21],[@R22]\]^ might be a cause for higher cardiovascular risk factor incidence and particularly a less successful statin treatment rate, which otherwise in non-NE dyslipidemia patients is not that obvious. Especially for high-risk dyslipidemia patients with enhanced BMI, statin combination therapies with ezetimibe should be advocated in the NE of China, as with the lifestyles of these patients lend them more prone to develop more severe and less statin treatment-sensitive hyperlipidemias.

We have identified a number of limitations of the present study. First, the study was cross-sectional and observational and any long-term outcomes were not considered. It will be necessary to carry out a prospective follow-up study to determine the appropriate doses for individual patients treated with lipid-lowering agents and the goal attainment in relation to their relative mortality. Furthermore, lipid parameters were not measured in a central core laboratory. Finally, as lipid-lowering agent usage was an eligibility criterion for the patients, the goal attainment of all lipid parameters may have been overestimated, particularly for high-risk patients. In addition, other issues related to cholesterol metabolism such as genetic factors have not been included, as this study was only descriptive and results were limited to the available data from the DYSIS databank.

Despite having received persistent lipid-lowering treatments, the current situation of dyslipidemia patients in NE China is unsatisfactory. The main treatment gap might be related to the choice of lipid-lowering therapy including effective combination therapy especially for high-risk patients. Other concerns should include controlling weight and treating complications.
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